The present study concerns parallel and serial processing of Background: visual information, or more specifically, whether visual objects are identified successively or simultaneously in multiple object stimulus. Some findings in scene perception demonstrate the potential parallel processing of different sources of information in a stimulus; however, more extensive investigation is needed.
Introduction
Visual information is processed in the brain in both parallel and serial. This is true not only for anatomical reason (e.g. parallel neuronal pathways from the retina; Merigan & Mounsell, 1993) but also for perceptual phenomena. An example of parallel perceptual processing is target detection in a visual search task. Features such as color, orientation, motion, spatial frequency and stereodepth are detected in parallel (Enns & Rensink, 1991; Gilchrist et al., 1997; Treisman & Gelade, 1980; Wolfe, 1994) , whereas ambiguous figures and stimuli in a binocular rivalry are perceived in serial (Alais & Blake, 2004; Leopold & Logothesis, 1999) . The present study concerns the identification of visual objects in multiple object stimuli and whether objects are identified in parallel or serial mode.
In scene perception, we have empirical findings that demonstrate the parallel processing of a scene category, i.e. gist perception together with perception of objects in a scene Much less research has been conducted on interaction between objects presented simultaneously without scene context. Gronau et al. (2008) (see also Auckland et al., 2007; Green & Hummel, 2006) demonstrated the facilitation effect of semantically and spatially related objects on their identification in a study in which two semantically related or unrelated objects were presented in congruent or incongruent spatial relation.
If objects are identified successively, we can expect to observe a direct dependence of reaction time on the number of objects. Successive identification permits interaction between objects that could result in the nonlinear dependence of reaction time on the number of objects when reaction time depends on factors such as the similarity of objects and belongingness to the same or different categories. Our recent study demonstrated that object identification time depends much more on the number of categories than on the number of objects upon multiple object stimulus (Soliunas et al., 2018). One, two or three objects (pictures of 10 categories of man-made objects) were presented simultaneously for 100 ms and then followed by a name of a category. Subjects were asked to answer whether objects of this category were present in a stimulus. Performance accuracy and reaction time did not depend on the number of objects if the objects belonged to the same category.
The present study is further verification of the hypothesis that objects of the same category are identified simultaneously. For better control of the global features of objects, new categories were selected and new objects were produced. A shape is a possible feature of an object that could enable parallel identification. To verify this possibility, we manipulated the global and local features of objects by distorting them. We predicted that the parallel identification of objects would be observed for intact objects, but not for globally distorted objects.
Methods

Subjects
All subjects were invited to participate in the study by personal discussion. Between February and May 2015, a total of 58 volunteer students from Vilnius University agreed to took part in the experiment (44 females and 14 males; 20-22 years of age). Each subject had normal or corrected-to-normal vision and verbally confirmed that had no prior experience with psychophysical testing of a similar nature. The subjects were not informed about the specific goals of this particular experiment. All subjects signed an informed consent form approved by the Lithuanian Bioethics Committee (consent form No. ASI12, approval No. 158200-13-578-173; issued by the Vilnius Region Ethics Committee of Biomedical Research, Vilnius, Lithuania). All subjects took part in one experimental session.
Stimuli
A total of 62 objects of 10 categories (shoe, cap, clock, ashtray, cup, table, telephone, vase, mirror, and kettle/teapot) were selected from internet search engines in such a way that the shape of an object was not the exclusive feature of particular category. When selecting objects and creating stimuli of multiple objects, seven outline shapes were taken into account: "8"-shaped, circle, ellipse, square, elongated, triangle and "L"-shaped. Objects of each category had at least three outline shapes and each outline shape had at least three categories of objects.
All objects were transformed into grayscale pictures and resized in such a way that fitted into a 100×100-pixel area. There were eight types of stimuli that varied in the number of objects (one, two or three), number of categories (one, two or three), and number of outline shapes (one or two) ( Figure 1 ): i) "1-1" stimuli (one object); ii) "1-2" stimuli (one category, two objects of different shape); iii) "1-3" stimuli (one category, three objects of two shapes); iv) "2-2s" stimuli (two categories, two objects of the same shape); v) "2-2d" stimuli (two categories, two objects of different shapes); vi) "2-3s" stimuli (two categories, two objects of the same category and the same shape and third object of different category and different shape); vii) "2-3d" stimuli (two categories, two objects of the same category but different shapes and third object of different category but the same shape as one of the two objects of the first category); and viii) "3-3" stimuli (three categories, three objects of two shapes). In total, 10 stimuli of each type were created, giving 80 stimuli altogether (Supplementary File 1).
The objects were placed into a 200×200-pixel area around a fixation point that was located at the center of this area. Stimuli were presented at the center of screen on the white background and subjects did not see the limits of the 200×200-pixel stimulus area. Distance between the subject's eyes and the screen was 60 cm, and consequently the angular size of the 200×200-pixel stimulus was 8°×8°. The orientation of a particular object was not constant across stimuli and could rage between −45° and +45° with respect to natural (vertical or horizontal) orientation.
Stimuli were presented under three experimental conditions: i) original; ii) locally distorted; and iii) globally distorted. The "original" condition corresponds to the presentation of stimuli described above. Locally distorted stimuli were created by partially masking the original stimuli with white stripes: 9-pixel-wide stripes with 9-pixel gaps ( Figure 1 ). This procedure partially or completely eliminates some local features of objects but basically preserve the outline shape. The smaller the features, the higher the probability of elimination. Globally distorted objects were created by applying Whirl and pinch and Ripple functions in the image editor GIMP 2.8.10 (Kimball et al., 2013). The same values of these functions distort objects of different shapes to different degrees; we therefore had to apply different values of these functions to more-or-less subjectively equalize the assessed degree of distortion in different objects. Whirl and pinch values ranged from −80 to +80 for elongated and rounded shapes and from −200 to +200 for more angular shapes, and pinch amount ranged from −1 to +1. Ripple values ranged from 40 to 70. The applied global distortion procedure affects outline shape and to a lesser degree the local elements of object. The smaller the elements, the less distortion there is.
To reduce memorization of stimuli during experiment, the orientation and location of particular object in particular stimulus varied across conditions.
Procedure
The experiment was performed at the Department of Neurobiology and Biophysics, Vilnius University. Experimental sessions were conducted during daytime (the precise time of the day was not controlled) in a room with natural daylight illumination.
Stimulus presentation and data registration were controlled by E-Prime v.2.0 (Psychology Software Tools, Inc., 2012) experiment generator running on Windows OS. Stimuli were presented on the screen of 19-inch CRT monitor running at 85 Hz frame-rate and 1024×768 resolution. The subject's head was not fixed but they were instructed to hold the same distance (about 60 cm) from the display during experiment.
Before the experimental session, subjects performed practice session that consisted of 16 trials (two trials of each stimulus type). Only original stimuli were presented during practice.
The trial procedure of experimental session is shown in Figure 2 . A fixation point was presented at the center of screen for 306 ms and the subjects were asked to keep their eyes focused on the fixation point during the test stimulus presentation. Appearance of the fixation point was followed by a 106-ms blank interval and then a test stimulus was displayed for 106 ms (i.e. for 9 frames of the CRT monitor) under "original" conditions and for 200 ms (i.e. 17 frames) under "locally distorted" and "globally distorted" conditions. The longer stimulus exposition duration under the two conditions with distorted stimuli were chosen to equalize response accuracy under all conditions. The test stimulus was followed by a 35-ms blank interval and then a masking pattern was displayed for 306 ms (we used backward masking procedure to control the time available for object identification). The masking pattern was an 8°×8° square of chaotic pattern. After 35 ms blank interval, a probe-word was presented. The probeword was a name of a category written in lowercase Arial font, 2° height. Subjects had to decide whether an object defined by a probe-word was present or not on a given trial by pressing the "1" or "2" key on the right side of a keyboard. One half of subjects received the instruction to press the "1" for Yes and "2" for No, whereas the other half received inverse instruction. Subjects had four seconds to make their decision. The response time (the duration from onset of probe-word to the keypress event) and accuracy were recorded for each trial. The response initialized the next trial with a 106-ms delay.
The order of experimental conditions was randomized across participants. There were 60-s rest intervals between conditions. Each condition consisted of 160 trials, i.e. 80 stimuli were presented twice in random order. Altogether, 480 stimuli were presented in the experimental session, with eight types of stimuli presented randomly under each condition. The whole experimental session lasted about 30 min.
Statistical analysis
The chi-square goodness of fit test confirmed normal distribution of experimental data. The reaction time and response accuracy data were analyzed in two-way ANOVA for stimulus type ("1-1", "1-2", "1-3", "2-2", "2-3", and "3-3") and experimental conditions (original, locally distorted, and globally distorted). Initially, there were eight stimulus types, but as there were no statistical differences between performance for the "2-2s" and "2-2d" stimuli, we merged these results into one group "2-2". For the same reason, we merged results of "2-3s" and "2-3d" into one group "2-3". Newman-Keuls post hoc test was applied to assess the significance of differences between means. All statistical analysis was performed using Statistica v.7 software (StatSoft Inc., 2004).
Results
The results of the experiment are presented in Figure 3 and Dataset 1. Two-way (stimulus type and experimental conditions) ANOVA indicated significant main effects of: stimulus type (F(5,27822) = 281.7, P < 0.0001 for reaction time (RT) data and F(5,27822) = 203.4, P < 0.0001 for response accuracy); experimental conditions (F(2,27822) = 27.7, P < 0.0001 for RT data and F(2,27822) = 49.5, P < 0.0001 for response accuracy). The interaction of the two factors was not significant (F(10,27822) = 1.7, P = 0.079 for RT and F(10,27822) = 1.2, P = 0.272 for accuracy data), which means that stimulus distortion did not change the pattern of performance that was observed for original stimuli. The significant main effect of the experimental conditions indicates that the RT was shorter (730 ms) and the accuracy was higher (86,4%) for original stimuli than for locally or globally distorted stimuli (760 ms and 80.9% for locally distorted stimuli and 762 ms and 82.1% for globally distorted stimuli), but this finding is not notable because the duration of stimulus exposition was different under different Mean values are presented with 95% confidence intervals. Stimulus type: the first digit represents the number of categories in the stimulus, the second digit represents the number of objects (e.g. "1-3" represents three objects of one category).
conditions and the absolute values of performance under different conditions are irrelevant. What we are interested in is the dependency of the identification of objects on the number of objects and on the number of categories. Figure 3 reveals the influence of the number of objects and the influence of the number of categories on object identification. For RT data, we can see four statistically different levels of performance (we should stress again that we compare values between "stimulus types" but not between conditions): the shortest RT is for "1-1" stimuli, with longer RTs for "1-2" and "1-3" stimuli, even longer RTs for "2-2" and "2-3" stimuli, and the longest RT for "3-3" stimuli. There is no significant difference between "1-2" and "1-3" cases (P = 0.391, 0.876, and 0.329 for "Original", "Locally distorted", and "Globally distorted" conditions, respectively, according to analysis using the Newman-Keuls post hoc test) and between "2-2" and "2-3" cases (P = 0.363, 0.442 and 0.472 for "Original", "Locally distorted", and "Globally distorted" conditions, respectively). The same four levels of performance were found under all conditions.
For accuracy data, we can see a similar pattern of performance: the highest accuracy is in "1-1" case, with lower accuracy in "1-2" and "1-3" stimulus types, even lower accuracy in the "2-2" and "2-3" stimulus type, and the lowest accuracy in the "3-3" stimulus type. Here we can see two deviations from this rule: accuracy was higher in "2-2" case than in "2-3" case under "Original" (P < 0.01) and under "Globally distorted" (P < 0.01) conditions. Summarization of the performance in relation to the number of objects and on the number of categories without differentiating experimental conditions is presented in Figure 4 .
The dependence of performance effectiveness on the number of categories is more clearly expressed than the dependence of performance effectiveness on the number of objects. For one-category stimuli, there was no difference in RT and accuracy whether two or three objects were presented. For twocategory stimuli, there was no difference in RT whether two or three objects were presented, but accuracy was higher in the case of two objects. We can state that "the more categories, the poorer the performance", but not that "the more objects, the poorer the performance", because it depends on whether objects belong to the same or to different categories. 
Discussion
The present study is continuation of our previous investigation (Soliunas et al., 2018) described in the Introduction, which findings suggested that the objects of the same category could be identified in parallel mode. The experiment described here further tested this hypothesis.
The first important result is the replication of the principal findings of the previous experiment, despite the fact that a different set of stimuli were used (all stimuli were newly created) and a different group of subjects took part in the experiment. These findings indicate that the identification of objects in multiple object stimuli basically depends on the number of categories present, but not on the number of objects. It further supports the suggestion that objects of the same category are identified simultaneously.
The second aim of the study was to search for the features of stimuli that could enable the parallel identification of objects of the same category, i.e. searching the "category" features that are identified in parallel. One set of stimuli had more distorted local features and the other set of stimuli had a more distorted global features. We predicted that the parallel identification of objects could be based on global features, therefore the distortion of outline shape should result in a dependency of response time on the number of objects independent of whether objects belong to the same or to different categories. The results of the experiment did not support our hypothesis. Both types of distortion had an effect only on the absolute level of performance accuracy, and to reach the same accuracy level as with intact stimuli, the exposition time for distorted stimuli was doubled. Distortion of global or local features did not change the pattern of task performance (i.e. the dependency of performance effectiveness on the number of objects and on the number of categories). At this point we can only suggest that both local and global features are used to identify the category of objects in a multiple-object environment.
It is too early to conclude that objects of the same category are identified in parallel in natural settings based on the findings of this study. Further investigations are required to test this suggestion. Here we can only speculate about the possible processes of identification of multiple objects. Our findings suggest the following scenario. As the identification of one object was faster and more accurate than identification of two objects of the same category, it is possible that the visual system first identifies one category. Additional time is required to identify other objects of this category but this could be done in parallel mode because this second stage could be regarded as "detection stage" instead of the first "identification stage". Many studies and theories state that the detection of an object's presence is a faster process than identification of the object's category (Biederman, In our case, the visual system should detect whether an object such as "shoe" (object of the first identified category) is present or not, and all shoes are detected simultaneously if they are present. Later follows the next "identification stage" when the next category is identified. It remains unclear what kind of object features are processed during the detection and identification of objects.
A somewhat similar two-stage processing model of several simultaneously presented pictures was suggested by Potter & Fox (2009). They presented up to four photographs simultaneously in a rapid serial visual presentation procedure and subjects had to either detect a verbally denoted target or memorize pictures and perform a recognition test after each sequence of pictures. The two stages for visual processing suggested by the authors were: fast global processing of all pictures in a stimulus that is sufficient for target detection, and slower serial processing that is required for object recognition.
In summary, the presented experimental data support the hypothesis that visual objects of the same category are identified in parallel in multiple object stimuli. As the distortion of global or local features do not influence the performance pattern, we can suggest that both global and local features are processed during identification of object category. The number of simultaneously presented objects was restricted to three items in our experiment, therefore the further research is needed with higher number of objects. The article investigated whether identification performance of objects are performed serially or in parallel. The author shows that reaction time and accuracy of object identification are affected by the number of categories of objects, but not the number of objects. There are a few issues that the author need to address.
Data and software availability
Parts of the Introduction seem incompletely discussed/elaborated. For example, in para 3, the elaboration of the previous research would be better if they were related back clearly to the purpose of the current study.
Insufficient details in Methods
What do the authors mean by corrected-to-normal vision? How was it assessed?
What was the size of each pixel? Since the stimulus size was restricted to 100x100 pixels, the angular size of the objects, particularly if they had details that might be important for recognition, might have influence response accuracy.
Among the 10 categories of objects that were chosen, were they tested to be equally identifiable? Some objects might be harder to identify than others, therefore could affect reaction time and accuracy.
The author mentioned that "the longer stimulus exposition duration under the two conditions with distorted stimuli were chosen to equalize response accuracy under all conditions" (page 3). Well if response accuracy had been equalize then of course one would not find any difference in duration time between original, locally-distorted and globally distorted objects?
A repeated-measures ANOVA would be more suitable to analyse the data.
There are several English language issues that the author need to address, as have been pointed out by other reviewers. A glaring example is the first sentence in the article: "Visual information is processed in other reviewers. A glaring example is the first sentence in the article: "Visual information is processed in the brain in both parallel and serial." Parallel and serial WHAT?
The implications of the study need to be better discussed.
The current study is undoubtly of interest but all of these concerns need to be addressed.
Is the work clearly and accurately presented and does it cite the current literature? Partly
Is the study design appropriate and is the work technically sound? Partly
Are sufficient details of methods and analysis provided to allow replication by others? Yes
If applicable, is the statistical analysis and its interpretation appropriate? No
Are all the source data underlying the results available to ensure full reproducibility? Yes
Are the conclusions drawn adequately supported by the results? Partly
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Reviewer Expertise: visual perception, visual psychophysics I have read this submission. I believe that I have an appropriate level of expertise to confirm that it is of an acceptable scientific standard, however I have significant reservations, as outlined above.
then the categories are easier to identify than when several objects belong to a larger number of categories. It is assumed that objects of one category are identified in parallel mode.
The main problem of this study is that it is much more possible to guess the right answer when there are more than one image of one category that are presented simultaneously comparing to stimuli that consist of images of different categories. Suppose there are 3 objects belonging to the same category. If an observer identifies at least one object, they are more likely to give the correct answer than in a situation where there are two categories: a priori, they have less chance to detect an object of one of these categories. It seems that accounting for a priori probability is necessary. The simplest thing that comes to mind is subtraction of the total probability of random guessing from an empirical estimate of the probability for each type of stimulus (1-1, 1-2, etc).
I agree with Dan McCarthy concerning the issue of the statistical analysis used by the author. Probably, for a more correct (and powerful in a statistical sense) comparison of test results performed through repeated testing of observers in similar tasks, it is necessary to apply a method that gives special attention to differences in performance in different tasks and not to the in speed and individual differences accuracy of identification; e. g. repeated measures ANOVA is more preferable. And of course, in the presence of conclusions based on the adoption of the null hypothesis, power analysis is desired. Probably this work containing tables with power estimations for the 3x6 design, will be useful for author.
I also would like to note that the use of the chi-square test to check the normality of distribution is not recommended by many authors (e. g. p. 94]); but this note is not fundamental.
Undoubtedly, the work is of great interest and should be indexed, but a significant revision is required.
1) The introduction is somewhat unfocused. The author rapidly switch from discussing theoretical and physiological aspects of visual perception, but do not strongly compare their assumptions with alternative theories. Although it is already brief, I reckon the Introduction could be made more concise and should be edited to improve flow.
-There are a considerable number of obvious and/or dubious statements (e.g., Visual information is processed in the brain in both parallel and serial *what?*; Features such as color, orientation, motion, spatial frequency and stereodepth are detected in parallel). Although it is true that we can not ignore the complexity of retinal information, seems like the author ignored the boundary completion. When one take part in some assumption (e.g., parallel; apologise if I got it wrong), it is fundamental that both sides (parallel vs serial) could be briefly discussed.
-The author reported some *old* references to support assumptions. Some of them appear to have been poorly chosen/incorrect. Maybe the author could update them. I reckon this will strengthen the arguments.
-Scene context discussion (one or two sentences) could be interesting to improve Introduction.
2) Overall, some parts of the article is difficult to understand due to the insufficient English language quality (examples are listed below) and many typographical errors throughout the text. I suggest that the authors enlist an editor/colleague to improve the English.
English quality examples:
"Visual information is processed in the brain in both parallel and serial." -What? Processing? Yes, I understood, but seems like we need a complement. 3) The absence of relevant information in the Methods section is worrisome. There is a lack of detail about study procedures.
-The subjects were assessed for neuropsychiatric disorders? -The subjects were assessed for substance use?
-"normal or corrected-to-normal"; Do you mean 20/20? Using eye chart? Freiburg visual acuity? -Don't you think that the sample characteristics biased the results? (e.g., only young subjects; significant gender differences; menstrual cycle influence; cognitive performance). If you disagree, please update Subjects subsection.
-"All *of the* objects were transformed into grayscale pictures and resized in such a way ... Further, in my opinion some of methods could be reorganised into more relevant sub-sections.
4) Statistical analysis needs to be reformulated. I reckon the Bayes
Factor would be an interesting approach. Nevertheless, I recognise this may take a long time to update. My main concern is about the ANOVA. I see your point for merging results (2-2s and 2-2). However, it seems worrisome. I suggest to you performing the analysis without merge the results (multivariate analysis). 
Dan McCarthy
Brown University, Providence, RI, USA The current study investigated whether multiple objects are processed serially or in parallel by testing the impact of global and local feature distortions on identification performance. Specifically, participants identified whether an object belonging to a particular category was present in a display consisting of 1-3 objects. Local distortion was applied by masking images with stripes masking the background color of the display, thereby occluding local object features while preserving the global shape outline. Global distortion was accomplished by warping objects in an image editor, allowing full view of the object despite deformations in individual features and the global object outline.
Results indicate that such distortion led to slowed responses and decreased accuracy in identifying an object category, but this is attributed on differences in the exposure duration (~2x longer viewing time for distorted stimuli to achieve similar performance to originals). Increasing the number of categories present in a display was associated with lower accuracy and slower response times when 2 or more objects were shown. No reaction time differences were observed in the key contrast between the 2 or 3 object displays, yet accuracy was higher with 2 vs. 3 objects in the 2 category case.
Based on these findings, the author argues that multiple objects can be identified simultaneously, but only when they belong to the same category. The lack of performance differences between locally and globally distorted stimuli was interpreted as evidence that object identification relies on both local and global features.
While it is written clearly and the question is interesting as other work indeed suggests the plausibility of multiple object identification in parallel, I have statistical and methodological concerns related to the interpretation of these results that I list below: 1. A two-way ANOVA is not the appropriate statistical test given my understanding that all participants completed the same task. A 2-way repeated measures ANOVA should be used instead. This may explain the extremely large F-values and within-groups degrees of freedom (i.e., DFwithin = 27822 for all main effects and the interaction). I am unsure how this value was obtained. The correct DFwithin should be 285 for stimulus type ((6 groups -1)*(58 participants -1) = 5*57 = 285), 114 for distortion ((3 groups -1)*(58 participants -1) = 2*57 = 114), and 570 for the interaction (5*2*57 = 570). This test should be redone correctly and accurately reported to confirm the reported results hold.
2. Another concern is that the primary conclusion for parallel object identification within a single category 2. Another concern is that the primary conclusion for parallel object identification within a single category is based on a failure to reject the null. No power analysis is reported to indicate the chance of a Type II error. A powerful approach to address evidence in favor of the null would be to use Bayes Factors (for examples, see Wagenmakers, 2007 ; Jarosz & Wiley, 2014 ) . This can be easily implemented in JASP (Love et al., 2015 ) -freely available, user friendly software that the author could use to conduct a Bayesian version of the two-way repeated measures test discussed above that would allow a direct test of the likelihood that the null hypothesis (no RT difference between identifying 2 or 3 objects of the same category) is a better model of the data than the alternative (a difference). Jarosz & Wiley (2014) is an excellent resource for how to interpret the results of such a test and what strength of evidence favoring either hypothesis may be.
3. The use of occluding bars for local distortion is somewhat odd given that the same 'whirl and pinch' effects could be applied to the interior of objects without distorting the global boundary. A brief description of why these disparate methods were chosen or examples in previous literature would be helpful for the reader.
I look forward to seeing a revised version of this work once these concerns have been properly addressed.
I have read this submission. I believe that I have an appropriate level of expertise to confirm that it is of an acceptable scientific standard, however I have significant reservations, as outlined above.
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